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F Fer wk Atmospheric Impacts: 
_ From Pebble- to Mountain-Size Meteoroids. 
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Fireballs Reported by US Government Sensors 
(1988-Apr-15 to 201 7-Oct-26) 


Impact Energy 
log(kt) 


42.55 , Approximate 
Diameter 


10m 


https://cneos.jpl.nasa.gov/fireballs/ Alan B. Chamberlin (JPL/Caltech) 
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Surface Hazards 


Damage & Risk 
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Asteroid Threat Assessment 


Characterization 

¢ Measurements 

¢ Inference 

¢ Data aggregation 

¢ Property database website 


Entry Simulations & Testing 

¢ Coupled aerothermodynamics 
¢ Ablation & radiation modeling 
¢ Arc jet testing 


Hazard Simulations 

¢« 3D blast simulations 

¢ Impact crater simulations 
¢ Tsunami simulations 

e Thermal radiation models 
¢ Global effects 


Probabilistic Risk Assessment 

¢ Analytic physics-based entry 
and damage models 
Probabilistic Monte Carlo 
simulation using uncertainty 
distributions 


3122 Florence 
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Arecibo Observatory 2017 September 4 


National Aeronautics and 
Space Administration 
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{a 4 Asteroid Impact 
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. NASA’s Asteroid Threat Assessment Project has developed an 
~ a advanced probabilistic asteroid impact risk model to assess the 
i potential threat posed by asteroids striking Earth. Running on the 
Pleiades supercomputer, the model is able to analyze millions of 
sinapiananaeiaursiend betunescnieatln te ino shack GAS darndenonedeanncee np ey impact cases to determine the range and likelihood of damage 
with the eALED yar code. Blue tour show wate velocities, and ora aes antours shaw the velos aie of ai clita nating due to blast waves, thermal radiation, tsunamis, and global 
from the vertical entry c ineerd the surface impact. This a e shows a snapshot right after impact when iniae at 4 . sy 4 ie; 
rebounding u ea nitial impact cavity. Darrel Robertso TM NASA/Ames effects for asteroids of different sizes and properties striking all 
over the world. High-fidelity simulations of asteroid entry and 
hazards are also performed to advance our understanding of key 
impact effects and refine analytic risk models. Impact risk results 
are used to support asteroid survey, mitigation, and response 
planning, and estimate potential consequences of specific impact 
scenarios if a threat were to be discovered. 
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Google Earth map of hypothetical damage ele i ise = aps 2017 Planetary Defen 
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ATAP Supercomputing 


Characterization 

¢ Measurements 

¢ Inference 

¢ Data aggregation 

¢ Property database website 


P Entry Simulations & Testing 
Prtynyeles | ¢ Coupled aerothermodynamics 
. - Ablation & radiation modeling 
¢ Arc jet testing 


Hazard Simulations 
3D blast simulations 
Impact crater simulations 
Tsunami simulations 
Thermal radiation models 
Global effects 


Probabilistic Risk Assessment 
¢ Analytic physics-based entry 
and damage models 
Probabilistic Monte Carlo 
Damage & Risk simulation using uncertainty 
4 distributions 


“Asteroid Threat Assessment Project” presentation to Small Bolide Assessment Group 


Propagation and Overpressure Prediction Nasal 


ATAP - Prediction of meteor-generated sonic boom 


- Obtained observations for a small meteor from 2008 and backed out conditions 
¢- Performed CFD simulations for both sphere and rock-like shapes w/ Cart3D using equilibrium air 
- Propagate near-field pressure 7/4 km to observatory using Sonic-boom propagation code 


* Currently obtaining recorded ground signature from observatory for comparison 
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Energy Deposition (MT/km) 


Airbursts: Flow-field Initialization 


— Normalized rate of Edep 
——- Net Energy Deposited/10 
——— Normalized Mean Velocity/20 
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Ground Overpressure 
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HPC Perfomance 


512 57M cells, LM1024 geometry 
2014/01/30 
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4| =——= Distributed Memory (MPI) NAS Pleiades system 
e—e Shared memory (baseline): NAS Endeavour system 
---=  Tdeal 
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Tsunami Coupling 


¢ Ground footprint evolution drives tsunami 


-Coupled Cart3D surface pressure to GeoClaw 
package (U.Wash + NYU) for tsunami 
simulation 

South China Sea, 200m diameter 


¢ Domain Extent: 
240 x 240 x 80 km high ~58,000 km of surface 


¢~105 M total cells 


-20m resolution along trajectory, 
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¢ 80m resolution at sea level 
¢ 3D time-dependent simulations using Cart3D 


- Resources 
(1000 cores x ~12 hrs) on NAS Pleiades system 
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Tsunami 


Maximum amplitude (m) / arrival times (hrs) 
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